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Panoramic radiographsAbstract Aim: Developing teeth are used to assess maturity and estimate age in several disciplines
such as pediodontic, orthodontic, pediatric endocrinology and forensic odontology. The aim was to
determine the statistical adjustment needed when dental age is estimated using Demirjian’s method
for Western Saudi children and adolescents between ages 4 and 16 years of age. Also, to compare a
Western Saudi population sample with the original French-Canadian.
Methods and materials: The most common standard for forensic age estimation or analysis of chil-
dren and sub-adults of Demirjian et al. (1973) was used, with a total of 198 individuals (boys = 88
and girls = 110). The panoramic radiographs were used to score the seven left mandibular teeth.
Results: The mean difference was 1.44 to 0.64 in girls and from 0.66 to 0.77 in boys. Among girls
there was a statistically signiﬁcant difference for 7, 11, and 15 years (P< 0.05). There was a statis-
tically signiﬁcant difference (P< 0.05), in boys for age groups 8 and 13 only. On average for all
ages, Western Saudi Arabia girls were 0.059 (sd = 1.26) years and the boys 0.66 (sd = 1.14) years
ahead of the French-Canadian children.
Conclusion: New tables were developed in order to convert dental maturity calculation according
to Demirjian’s method into estimated age of contemporary Western Saudi population (signiﬁcant
overestimation). For future research, increase in the sample size for all age ranges to establish
new maturity scores and logistic curves for the studied population group and comparison with other
Saudi children in rural communities found in other regions in Saudi Arabia would be ideal.
ª 2015 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Estimation of dental age is usually based on the maturation of
dentition. The process of dental maturation (the degree of cal-
ciﬁcation) is correlated to different mineralization morpholog-
ical stages that can be observed radiographically. The process
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and continuous than tooth eruption, and is less affected by
endocrine disease, dietary deﬁciency states, and environmental
changes.1,2 For these reasons, a series of age estimation tech-
niques have been developed based on the mineralization stage
of tooth germs.
Forensic odontology takes advantage of the techniques to
aid in the process of identifying unknown individuals. More-
over, dental aging is also a very important measure in the man-
agement of immigration to assist in determination of the
chronological age in the absence of proper documents. These
techniques have also been employed to decide when a child
can start schooling, the earliest age a person can marry, or
even go to prison.3
All age evaluation methods based on dental maturation
follow the same systematic approach in which estimating age
merely implies having oral radiographies, which can be used
in live subjects, cadavers, and skeletal remains.4 Currently,
the most studied method is the method of Demirjian et al.5
for forensic age estimation of children and sub-adults. In addi-
tion, many authors have reported different standards of dental
maturation, using Demirjian’s standard for age estimation
(e.g. Australian – Peiris et al.6 Brazilian – Lucio et al.7 Chinese
– Zhao et al.8 Pakistani – Rashna et al.9 and South Africa –
Phillips et al.10) In the majority of studies the comparisons
have been made between determined values of the studied pop-
ulation and French-Canadian standards as reported by Demir-
jian’s. It was recommended that adaptations would be
necessary in order to use this technique in other population
groups.5
In Saudi Arabia, a study has been conducted on a sample of
individuals from the city of Riyadh (Middle Region).11 How-
ever, no studies have been conducted to establish dental devel-
opment studies for forensic age estimation and forensic
application in Western Saudi Arabia. The purpose of this
study is to assess the use of Demirjian’s method for age estima-
tion in Western Saudi children (4–16 years old) and to assess
its applicability.2. Materials and methods
2.1. Materials
In this study, panoramic radiographs and clinical records of
198 Western Saudi children of known chronological age and
gender were obtained, which included a total of 88 boys and
110 girls, with age ranging from 4 to 16 years. Digital panora-
mic radiographs were used. The panoramic radiographs were
collected from patients attending dental clinics (from the den-
tal center of King Fahd Hospital, Jeddah-Western of Saudi
Arabia) and all radiographs formed a part of the patient’s rou-
tine dental treatment (from the clinic of Paedodontics-
Orthodontics of health Saudi individuals). No panoramic
radiographs were taken primarily for this research project.
According to Demirjian the presence of pathology, anatomical
obstructions and potential radiographic distortion can be of
potential concern when doing age estimation. Therefore all
radiographs were checked to ensure these factors were not
present.2.2. Methods
The assessment of dental age was performed according to
Demirjian’s method.5 This method is e based on eight stages
of tooth mineralization, from calciﬁcation of the cusp to clo-
sure of the apex, on the seven left mandibular teeth and each
tooth is given a score based on its phase of calciﬁcation. All
panoramic radiographs were scored by the author using the
criteria set by Demirjian et al.5 without the knowledge of
patient’s chronological age. The mandibular seven left teeth
were scored excluding the third molar. Each tooth was rated
on an 8-stage scale ranging from A to H depending on the
stage of calciﬁcation. Each stage of the seven teeth was then
allocated a score, and the sum of the scores gave a calculation
of subject’s dental maturity. Demirjian’s developmental stages
and self-weighted scores were used to allocate a tooth stage to
the seven left mandibular teeth and the maturity scores calcu-
lated; then conversion tables were used to convert the matura-
tion score to a dental age.
The chronological age was determined by subtracting the
date of birth from the date the panoramic radiograph was
taken. Chronological ages were sorted according to age groups
which assisted with classiﬁcation. Each age group was assigned
the same range, for example; age group 4 corresponded to an
age range of 3.5–4.5 years of age. Age group of 16 years old
was not analyzed because all the children in the group reached
a dental score of 100 and the dental age could not be computed.
All data analyses including calculation ratios, were com-
pleted using the Excel (Version: 2003, Microsoft, Redmont,
USA). The detailed statistical analysis was completed using
the IBM SPSS (Version 19).
2.3. Reliability – inter-examiner
Paired t-tests were used to determine the signiﬁcance of differ-
ences between chronological and estimated ages, for all age
groups. Statistical signiﬁcance was set at P< 0.05. Statistical
signiﬁcance using Wilcoxon Matched Pairs Test for examiner
reliability was calculated and found to be 0.740368. This value
is not signiﬁcant and operator calibration was considered
reliable.3. Results
The panoramic radiographs of 198 children were included in
the study, and analysis was completed according to age cate-
gory and gender. Each age category included a 12-month range
of ages. A paired t-test was used to assess the signiﬁcance of
the difference between chronological age [the real age] and
the dental age [the estimation age] according to the method
of Demirjian et al.5 (Table 1). The mean difference between
the chronological age found in Western Saudi Arabian chil-
dren, compared to the dental age found in French-Canadian
children, ranged from 1.44 to 0.64 in girls and from 0.66 to
0.77 in boys (Table 1).
In girls, differences were either negative or positive, depend-
ing on age group. The negative values demonstrate age groups
5–8 and 11–12 were advanced in growth when compared to the
French-Canadian children. Among girls there was a statisti-
Table 1 t-Test demonstrating the mean difference between chronological age and estimated age for Western Saudi Arabia boys and
girls and French-Canadian children according to Demirjian’s. The P-value in the last column was determined using the comparison of
mean dental age of boys and girls in different age groups.
Age group* (n) CA (sd) EA (sd) CA–EA diﬀerence (sd) CA–EA 95% CI P-value
Girls Mean (±SD)
4 3 4.30(0.12) 4.13 (0.66) 0.172 1.24 to 1.58 0.652
5 3 5.38(0.19) 6.83(1.19) 1.44 4.14 to 1.25 0.148
6 6 6.12(0.25) 6.21(1.33) 0.09 1.30 to 1.26 0.854
7 5 7.06(0.31) 7.92(0.25) 0.85 1.29 to 0.41 0.006
8 13 8.08(0.34) 8.43(0.82) 0.34 0.89 to 0.20 0.192
9 14 9.11(0.31) 9.10(1.37) 0.01 0.89 to 0.92 0.978
10 5 10.15(0.3) 9.34(1.38) 0.81 0.85 to 2.47 0.249
11 13 10.99(0.30) 11.48(0.74) 0.49 0.93 to 0.04 0.033
12 8 12.05(0.32) 12.16(1.27) 0.11 1.32 to 1.10 0.836
13 3 13.16(0.14) 13.00(0.70) 0.16 1.27 to 1.60 0.668
14 17 14.02(0.26) 13.48(1.57) 0.54 0.29 to 1.37 0.187
15 15 14.96(0.32) 14.32(1.31) 0.64 0.02 to 1.30 0.059
16 5 16.05(0.29) 15.44(0.76) 0.61 0.08 to 1.30 0.071
Boys Mean (±SD)
4 4 4.06(0.21) 4.52(0.69) 0.46 1.24 to 0.31 0.156
5 4 5.02(0.22) 5.47(0.89) 0.45 1.56 to 0.65 0.284
6 9 5.97(0.27) 6.32(1.81) 0.35 1.62 to 0.92 0.545
7 8 7.15(0.24) 7.65(0.59) 0.49 1.04 to 0.05 0.072
8 7 8.25(0.17) 8.19(0.34) 0.66 1.03 to 0.29 0.004
9 11 9.07(0.28) 8.95(0.60) 0.01 0.30 to 0.54 0.539
10 11 10.03(0.33) 10.10(1.07) 0.07 0.72 to 0.58 0.813
11 7 11.06(0.33) 11.41(0.88) 0.35 1.05 to 0.34 0.263
12 5 12.5(0.33) 11.56(2.86) 0.49 2.85 to 3.83 0.705
13 6 13.19(0.26) 12.41(0.66) 0.77 0.02 to 1.28 0.011
14 5 14.10(0.35) 13.66(0.71) 0.44 0.65 to 1.53 0.325
15 9 15.07(0.27) 14.78(1.47) 0.28 0.93 to 1.50 0.605
16 2 15.70(0.05) 15.90(0.14) 0.19 0.93 to 0.54 0.188
* An age group of 4.0 would represent individual who are 3.5–4.5 years of age.
 P value was statistically signiﬁcant (P< 0.05); Age difference = Chronological Age (CA) minus Estimated Age (EA); CI, Conﬁdence
Interval; SD, Standard Deviation; SE, Standard Error.
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cal age and the estimated age compared to Demirjian’s results
for age groups 7, 11, and 15 (Table 1). The greatest accelerated
development is observed for the 5 year olds, and the greatest
delayed development is for age group 15 years.
In boys, differences were either negative or positive,
depending on age group. Age groups 4–8, 10–11, and 16
showed a negative mean difference, indicating advance in
growth when compared to the French-Canadian children.
Age groups 9, 12–15 showed a positive difference, indicating
a delayed dental age. There was a statistically signiﬁcant differ-
ence (P< 0.05) between the chronological age and the dental
age compared to Demirjian’s results in boys for age groups 8
and 13 only. The highest advance is observed for age groups
8 and the greatest delayed development is for age group
13 years (Table 1). On average, for all ages, Western Saudi
Arabian girls were 0.059 (sd = 1.26) years and the boys 0.66
(sd = 1.14) years ahead of the French-Canadian children. This
result conﬁrmed Demirjian’s standards are at a slight variance
when used for Western Saudi Arabian children (Table 1).4. Discussion
The physiology of human age estimation can be evaluated by
the degree of maturation of the different tissue systems.7,12However, dental age can be estimated based on the level of
tooth mineralization during development process and tooth
eruption through tooth count.13 But, tooth eruption and gingi-
val emergence dates vary widely among children of the same
ethnic background, making it an unreliable method for esti-
mating age.14–16 Tooth eruption is heavily inﬂuenced by envi-
ronmental factors such as available space in the dental arch,
extraction of deciduous predecessors, tipping, or impaction
of teeth.4,15,16 In addition, using tooth eruption and emergence
only observes a single event in time for each tooth.
The radiographical examination of tooth development
stages, including crown and root size, height and length might
be considered as a valuable indicator of chronological age for
Western Saudi populations, given the scarcity of other avail-
able and reliable age indicators. Examining crown and root
growth and maturation radio-graphically can be varying due
to different reasons such as; poor resolution of the radio-
graphic images, different statistical treatments of the results,
and biological variation among various populations studied.17
In addition to dental age estimation; forensic and clinical inter-
pretations indicate if a child is dentally advanced, average or
delayed compared to the reference.18
The aim of this study was to present the dental maturity in
Western Saudi children. We compared Demirjian’s method
using French-Canadian children, and Western Saudi children
based on their weighted scores. In addition to dental age
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cated if each child was dentally advanced, average or delayed
compared to the reference.18 Also, it was found to be suitable
without correction factors in our samples (n= 198, Table 1);
conducted with Liversidge et al.18 This study showed that
Demirjian’s on Western Saudi children revealed (in both gen-
ders, and either negative or positive, depending on the age
group) a more advanced dental age when compared to
French-Canadian children from Demirjian’s study. The mean
difference between chronological age and estimated age was
0.059 (sd = 1.26) years in girls and 0.66 (sd = 1.14) years in
boys. As expected from the literature,10,11,15,16,19,20 an overes-
timation of chronological age when using the method reported
by Demirjian was mostly found.
Three recent studies from Saudi Arabia, two from Riyadh
region (Al-Emran and Baghdadi)11,20 and one from Kuwait
(Qudeimat and Behbehani)13 indicate the same results of over-
estimation when compared with the current study. The child
populations in these studies are from the same ancestry, geo-
graphically close to each other, and exposed to similar dietary
and behavior patterns.2 Results from Al Emran’s20 study in
Saudi Arabian children aged from 8.5 to 17 years (N= 490)
found that Saudi children’s ages were overestimated by
0.3 years for boys and 0.4 years for girls. The Baghdadi,11
study results showed that for children aged from 4 to 14 years
(N= 422) the mean age difference was 0.77 (SD 0.85) for boys
and 0.85 (SD 0.79) for girls. The mean chronological age was
8.89 and the mean dental age was 9.69, indicating an over-
aging of the sample by about 10 months, which held equally
true for both sexes. The mean difference found between dental
age and chronological age was 0.12–1.21 years for Saudi boys,
0.42–1.26 years for Saudi girls; the differences in the means
were statistically signiﬁcant for all age groups and genders,
except in 8-year-old, 11-year-old, and 13-year-old boys. Saudi
children from the middle region appear to be signiﬁcantly
more dentally mature than their French-Canadian peers.11
The study on Kuwaiti children (N= 509); aged from 3 to
14 years, also indicated overestimations, and were 0.71 years
(SD 1.18) for boys and 0.67 years (SD 1.30) for girls.13 Our
results, show a statistically signiﬁcant difference (P< 0.05)
between the chronological age and the estimated age compared
to Demirjian’s results for girls at age groups 7, 11, and 15. The
girls were advanced for age groups 5–8 and 11–12. In boys sta-
tistically signiﬁcant difference for age groups 8 and 13 years
old, at the level of P< 0.05. All these ages indicate that girls
and boys reached dental age maturity earlier. In the rest of
age groups no statistically signiﬁcant difference was found. A
possible explanation for the differences between French-
Canadian and Western Saudi can be that the sample size was
much smaller for the Western Saudi study. In addition, it
might be attributed to the different ethnic group and/or effect
of the considerable time gap between the two studies on the
dental development of these children.20
The results here conﬁrm the necessity of developing speciﬁc
scores or curves for speciﬁc populations, as agreed by most
authors.21 However, the inﬂuence of geographic location and
nutritional status in different population groups does necessi-
tate the evaluation of each individual population group so as
to determine the correction factor required for accurate
chronological age estimation. What is more, age estimation
methods try to have different population standards for dentaldevelopment assessment based on ethnicity to improve the
accuracy of dental age estimation.11 This study is in agreement
with the authors of from numerous studies who demonstrated
that correction factors be used on different population
groups.15,16,22
As expected from the literature, this study conﬁrmed over-
estimation of the dental age in Western Saudi children, using
the original methods developed by Demirjian and coworkers.5
This is basically due to different rates of dental development in
different populations. Numerous studies on children from dif-
ferent regions have documented a signiﬁcant difference
between average estimated and average real age for groups
of children. This has resulted in some researchers (myself
included) suggesting that population speciﬁc tooth data are
required and questioning the validity of using Demirjian’s den-
tal maturity method to assess dental age in other world groups.
This has been followed by numerous modiﬁcations of the
method by changing the weighted scores or providing equa-
tions to either calculate age from score or score from age.18
However, Demirjian’s method is widely accepted, but there
are several limitations and difﬁculties associated with the
application of this standard.23,24
There are several limitations such as missing teeth or bilat-
eral missing teeth (value of zero), leading to inability to calcu-
late the maturity score.24 Also, age cannot be precisely
evaluated after 16 years of age; the appreciation of develop-
mental stages is difﬁcult because the choice of the tooth devel-
opmental stage is quite subjective; and it proved to be
applicable in Canadians but not reliable if applied to other
populations.25 Forensic age estimation is only applicable to
individuals with healthy normal dental walkway. However,
this is not always the case in forensic situations (fractures,
remains). In the forensic context, the age of a child or missing
individuals must still be determined.255. Conclusion
The results demonstrated that Demirjian’s method produced
signiﬁcant differences between estimated age and chronologi-
cal age in the studied group. On average for all ages, Western
Saudi Arabia girls were 0.059 (sd = 1.26) years and the boys
0.66 (sd = 1.14) years ahead of the French-Canadian children.
New tables were developed in order to convert dental maturity
calculation according to Demirjian’s method into estimated
age of contemporary Western Saudi population (signiﬁcant
overestimation). This result conﬁrmed Demirjian’s standards
are at a slight variance when used for Western Saudi Arabian
children. However, the accuracy of Demirjian’s method is high
when evaluating young children, because the individuals are
still growing, but less so with older children.11 It is necessary
to adapt speciﬁc weighted score of studied populations for
more efﬁcient age estimation.24 The results from this study
have shown that Demirjian’s method has some limitations
when used to determine the estimated dental age of Western
Saudi Arabian children. For future research, increase in the
sample size for all the age ranges to establish new maturity
scores and logistic curves for the studied population group
and comparison with other Saudi children in rural
communities found in other regions in Saudi Arabia would
be ideal.
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